Mbalam is a major emerging iron ore district in Cameroon. The regolith over the Mbalam itabirite, consists of relict, erosion and depositional units. Itabirite rock fabric is preserved in the relict regolith, the erosion unit is marked by erosion of the carapace cap regolith, with the depositional unit dominated by canga (loose fragments of hematite and/or itabirite cemented by goethite) or loose scree. Fe concentration increases from average of 46.18 wt% in the depositional soil material to as much as 79.08 wt% in the relict regolith regime with variation due to supergene weathering. Fe is the least mobile of the major elements, and the Fe oxides become significant phases and control the distributions of many elements. Absorption of P by iron oxides or oxyhydroxides appears to be the major mechanism of P retention in the different regolith environment. Au dispersion in the weathering profile occurs by two possible mechanisms (mechanical and hydromorphic) and it distribution is sporadic. Zr maintains a positive correlation with Al and Ti indicating extensive chemical weathering in the source area and resulting in a relative concentration of those residual elements. The weathered material show relatively high ΣREE; this is due to upward remobilisation from the lower primary itabirite, and the downward leaching of the upper mineralisation horizons by the descending epigenetic solutions.
Introduction
As the search for ore deposits continues worldwide, the use of regolith geochemistry will play an increasingly important role in mineral exploration [1] . Regolith or soil geochemistry also finds global significance in geochemical mapping, development of geochemical databases and in the determination of the background composition of the soils in a region before mining activity starts. Such baseline data on regolith composition although applicable to exploration, are vital to monitoring pollution when the ore extraction process starts. It is against this dual background that the present study was conducted.
The Mbalam iron ore district in a region of deep weathering is host to over 220 Mt of iron ore and is currently being investigated by Sundance Resources Limited (www.sundanceresources.com.au). The main ore is hematite derived from itabirite (metamorphosed banded iron formation).
Many studies on regolith geochemistry have been done in Australia mostly related to the older Precambrian and Archaean geological domains of the Yilgran and Gawler cratons [2] [3] [4] . In the Central African sub region and Cameroon in particular only limited studies have been done on the regolith as a tool in exploration and baseline studies. This study investigates the regolith geochemistry over weathered itabirite and hematite ore at Mbalam area, South-eastern Cameroon. The implications of the results presented to exploration and baseline studies are discussed. It is envisaged that these findings may be extrapolated to a regional scale, thus providing a regional analogue for investigations of the iron deposits within the Congo Craton and elsewhere in the sub-region.
Geographical and Geological Context of the Mbalam Iron ore District
The Mbalam Iron ore deposit is located in the Central African Region in south eastern Cameroon at the northern edge of the Congo craton (Figure 1 ) near the frontier with the Republic of Congo. The area lies between latitude (UTM easting) 24500 and 24900 and longitude (UTM northing) 38200 and 38600. The Mbalam region like other areas in south eastern Cameroon is situated in the equatorial forest belt and is characterised by a humid equatorial climate but lacks traditional wet and dry seasons. There is a long dry season from December to May, a light wet season from May to June, a short dry season from July to October and a heavy wet season from October to November. Annual rainfall in the region ranges from between 150 and 220 cm per year [5, 6] . It experiences high temperature with mean daily temperatures averaging nearly 28˚C (82˚F) year-round while precipitation averages about 150-200 cm (80 inches) year-round. Drainage is well developed within the highly undulating topography of the region. Creeks carry torrential flows during the wet season, but are reduced to a few water holes during the dry season.
Geologically, iron deposits in the Mbalam region are hosted in Archaean banded iron formations which are typical supergene hematite enrichments which have recrystallized to ferruginous quartzite [7] . The itabirite hosted massive hematite deposits of the Mbalam region form part of the Mbalam Series, an Archean greenstone belt composed of chlorite sericite or amphibolite schists, pyroxene-bearing amphibolites and serpentinites which have been dated at 2850 Ma [8] . Similar greenstone terrains with BIF within the Congo Craton are also known from the High Ivindo in Gabon and Nabeba in the Congo [9] . The metamorphic grade is ambiguous but probably was amphibolite facies which was subsequently overprinted by a lower grade sericite-and chlorite-bearing green schist event.
The Precambrian crust in Cameroon (Figure 1 ) has generally been divided into an Archean cratonic basement underlying the southern part of the country and a Neoproterozoic mobile belt underlying the central and northern parts [10, 11] . The mobile belt is dominated by Neoproterozoic (Pan-African) orthogneiss that is well documented in northern and eastern Cameroon, where deposition of volcano-sedimentary rocks occurred between 830 and 700 Ma and was followed by deformation, metamorphism, and intensive plutonism between 630 and 580 Ma [9] [10] [11] 15] .
The Pan-African belt in central Africa north of the Congo Craton (CC) is the southernmost branch of the Pan-Africano-Braziliano belt [9] [10] [11] [12] . One of the main characteristics of this regional scale structure is the presence of Pan-African granulitic rocks in Cameroon and in Central African Republic (CAR). It includes remobilised and re-worked pre-Pan African basement (gneiss and migmatite) as well as late Proterozoic metasedimentary rocks that range from low metamorphic grade up to granulite facies, and Pan African granitoids. The main geological features of the southern part of the Central African fold belt (CAFB) is the presence of D2 flat-lying foliations (as well as the granulite facies metamorphism) that results from the late Neoproterozoic stacking of the south-verging thrust unit [12, 13] and reflect a regional E-W nappe. In Cameroon, the nappes (Fig.1) include the Neoproterozoic Yaoundé group thrust onto both the Congo Craton and Nyong group, and the assumed Paleoproterozoic Bafia group thrust onto the Yaoundé group to the north [12, 14] . Metaplutonic rocks include mafic to intermediate rocks and serpentinized chromatic and nickeliferous ultramafic rocks associated with gabbros, diorites and mafic dykes. Lateritic Cu-Ni mineralisation is developed on the serpentinised peridotites located about 1000 km due north of the study area.
Sampling and Analytical Methods
At each soil sampling location at Mbalam, details of the landscape position were recorded including aspect, slope, relief and nature of regolith material. The basic regolith-landform regimes used for the geochemical sampling were interpretatively mapped as relict, erosional and depositional after [16] [17] [18] . In the relict and erosional regimes, soil samples were collected between 0.2 to 0.4 m depth after discarding the humus-rich topsoil. Similar depths were used in the depositional regime. Every effort was made to minimize the potential of cross-contamination of samples and introduction of external contaminants during sample transportation and preparation. Drying of samples was conducted at a temperature of 120˚C overnight in a positive pressure fume cupboard in large calico bags. Splitting was conducted at a local crushing laboratory, with a dust extraction unit in operation to remove fine airborne particles derived from sample preparation and dust in general. All the samples required pulverizing to obtain homogeneous samples for chemical analysis. Thus, samples were split in a stainless steel riffle splitter following pulverization to obtain desired sample for chemical analyses. All soil samples were milled in an ESSA® mill and fine pulp of 106 µm mesh size were obtained. After crushing and milling, samples were split and 50 -60 g of samples was obtained for the various analyses.
Chemical and mineralogical analysis was done using
Copyright © 2011 SciRes. OJG the pulp at ACME laboratories, Vancouver, Canada. Major elements (Si, Mg, Fe, Ca, Al, K, P, Ti, Cr) were analysed by Inductively Couple Plasma-Electro Spectroscopy (ICP-ES) following lithium metaborate and/or tetraborate fusion and dilute nitric acid digestion on a 0.2 g of sample pulp (www.acmelab.com). Rare earth elements and trace elements were analysed by Inductively Couple Plasma-Mass Spectroscopy (ICP-MS) following an identical sample digestion procedure to ICP-ES on a 0.1 g sample pulp. The remaining trace elements were analysed by ICP-MS after 0.5 g split of sample pulp is digested in aqua regia. Loss on ignition (LOI) was determined by weight difference after ignition at 1000˚C; total sulphur (TOT/S) and total carbon (TOT/C) were determined by combustion analyses. Semi-qualitative mineral identification was done by X-ray powder diffraction analyses using a Bruckner D4endeavor X-ray generator at 40 kV and 25mA running conditions. Powder XRD scans were performed with the fine powder samples and run from 2 to 80˚ 2θ at a step scan of 0.020˚ 2θ and 1.00 s counting time per second. Samples for XRD analysis were taken from each of the regolith soil material to get an understanding of the element-mineral association within the regolith material prior to commencement of mining.
Results

Nature of Parent Material and the Different Weathered Regolith Regimes
The itabirite shows great variation in the thickness of alternating quartz-rich and Fe-rich layering, and in overall Fe content (Figure 2) . The layering varies from submm fine laminations to cm scale. In some very lean (low Fe portions), layering is more massive, with some thick beds of pale quartzite (m scale) forming large boulders. Where the layering is very fine scale it shows great structural complexity, and it owes its character to strong shearing and transposition. It is possible however that some of the Fe-rich itabirite was generated in fold limbs (or shear zones) by pressure solution of quartz. Hard mas-sive hematite at Mbalam is a late epigenetic type of mineralisation which forms flat-lying to gently north dipping veins up to 10 m thick or more that follow low angle brittle south-verging thrust faults. The hematite is composed of fine-grained vuggy hematite with late coarse grained sheaves of specularite inter-grown in places with quartz. The veins have selvages of early fine grained silica with pyrite cubes overgrown by secondary pyrite. The relict regolith regime shows typical characteristics of development on saprolite with a cemented carapace over the relic material displaying primary structure and textures and ranging in thickness from 0.5 to 3 m. Immediately beneath the carapace capped relict zone, the BIF is typically strongly leached and hydrated with abundant goethite and the destruction of primary textures, but preservation of primary textures, hematite and quartz increases with depth. Minor weathering has occurred mainly on joints, fault zones, and some bedding planes to the full depth of most exposed relict material from the surface, providing good examples of the early stages of the weathering process for comparison with the fresh unweathered BIF. High grade enriched soft laminated (biscuity) ore is limited to relict and erosional portions of Mbarga. It is only exposed in a few areas (due to intense weathering and tree cover) where it is blue-black in colour with powdery hematite interlayered with hard hematite laminations on a millimeter scale. The soft ores on Mbarga are related to a very well defined plateau with deep soil and areas of laterite developed over the soft laminated ore. The laterite shows well preserved relic laminations.
Locally, erosional regimes are marked by the erosion of the carapace capped relict which has exposed the underlying goethite zone, which typically shows a vermicular to massive and/or friable biscuit-like textures. This material consists of nodular to concretionary secondary goethite with minor pisoliths and botryoidal cavity linings and numerous small spheroidal (vesicular) to elongated subcylindrical (vermicular) voids and was probably formed by prolonged weathering of the exposed goethite zone. Numerous caves found within some erosional iron formations are mainly due to the elutriation of the fine particles by tunnel erosion along joints and bedding planes, with enlargement by roof collapse.
Most of the depositional lower slopes of Mbarga Hill (Figure 3 ) are covered by canga (cemented hematite scree) or loose scree overlying saprolite. Patches of silcrete consisting of bleached chert (quartzitic) fragments cemented by amorphous silica occur locally. Cavities ranging in size from a few centimeters to several meters in length are common within the weathered zone. The large cavities form partly by solution and dispersion of colloidal particles, but mainly by elutriation of friable material along joints and bedding planes, followed by collapse of the undermined regolith. They are commonly filled with a heterogeneous assortment of sand-size friable quartz, silty clay, ferruginous debris, and pisoliths.
Geochemical Dispersion in the Regolith
Averages for the major, trace and rare earth elements for the various regolith units are listed in Table 1 . The full data set for analysed samples are presented in Appendix I.
Major And Minor Elements
Oxides of three elements, Si, Fe, and Al account for the bulk of the total rock mass in the form of hematite, quartz, goethite, kaolinite and gibbsite. These elements are commonly the residual products of deep chemical weathering. Concentration of these elements varies substantially in response to progressive weathering, leaching and precipitation of the secondary phases within various regolith regimes. The fresh itabirite from Mbalam shows mean silica concentration of 37.40 wt%. Silica concentration within the different weathering regimes ranges from means of 36.79 wt% in the depositional soil material to as low as 8.32 wt% within the relict soil material. During erosion and weathering of itabirite by chemical action, there is normally the leaching and dissolution of silica. The low silica value within the relict and erosional soil material indicate the high rate of supergene weathering with silica leaching. The sharp decrease in silica content within the relict and erosional regimes is as a remains fairly constant in the depositional regolith maconsequence of itabirite destruction, but it increases or terial due to addition of quartz, possibly from colluvial material. Fe concentration increases from average of 46.18 wt% in the depositional soil material to as much as 79.08 wt% in the relict regolith regime with variation due to supergene weathering. Iron concentration within the Mbalam fresh itabirite from 43.88 wt% to 94.19 wt% (Appendix I) with a mean of 60.36 wt% ( Table 1) .
Aluminium averages 1.08 wt% in the fresh itabirite, 6.84 wt% in the relict, 18.48 wt% in the erosional and8.94 wt% in the depositional regolith regimes ( Table 1) . The samples with high alumina values indicate high rate of alteration or decomposition of the parent itabirite rock formation by chemical weathering. The increase in alumina in the erosional regolith profile ( Figure 5 ) also reflects the abundance of clay minerals and the low solubility of Al 2 O 3 . The low silica concentration is due to the replacement of kaolinite by geothite during the 'mottling' process. This is reflected in the increase in goethite in such samples. The fresh itabirite from Mbalam P concentration averages 0.09 wt% with P 2 O 5 mostly associated with vivianite and apatite. The P concentration gradually increases in the regolith, being on average 0.20 wt% P 2 O 5 in relict, up to 0.26 wt% in the erosional zone, and 0.12 wt% P 2 O 5 in the depositional regime.
The Mbalam itabirites are relatively Ti-poor, with a TiO 2 content averaging 0.03 wt%, in the form of ilmenite. The Mbalam regolith contains on average 0.22 wt% TiO 2 in relict, 0.51 wt% TiO 2 in erosional and 0.33 wt% TiO 2 in depositional regolith soil. Titanium is generally immobile in the regolith environment, and is commonly retained in form of residual rutile after weathering of the Ti-rich primary minerals. The high concentration of Ti in the regolith is also due to the stability of secondary Fe and Ti in the soils. The alkali elements (Na 2 O + K 2 O) are neither abundant in the Mbalam itabirite nor in the modified regolith soils. Potassium shows slight enrichment in the depositional regimes with mean of 0.28 wt% which also reflects possible input from colluvial material. In the regolith environment, abundance of these compatible elements is determined by the stability of their secondary host phases. Most of the Cr in the fresh itabirite is hosted by chromite, which is comparatively stable in the regolith. Due to its stability, Cr persists throughout the weathering process whereas Mn, Ni and Cu are mobile due to dissolution occurring in redox conditions observed during lateritic weathering. Vanadium shows residual enrichment in all the weathering regimes. Manganese is highly mobile in the regolith, responding strongly to changing eH and pH conditions. The manganese content in the relict and erosional regimes remain similar to the least altered itabirite and high-grade ore of Mbalam but shows enrichment up to average of 0.09 wt% MnO in the depositional regolith. The enrichment of Mn in the depositional regolith zone is considered to be due to precipitation of secondary or residual Mn oxides at the past redox front. Several other elements, including Co, Ni and Cu, have peak concentrations in the depositional zone and appear to have co-precipitated with or substituted in Mn oxides. Copper shows greater retention or concentration (mean of 10.15 ppm) in the relict than Co (1.95 ppm); the same trend of retention for these elements is observed in the erosion and depositional regolith samples. Concentrations of these elements are low, relative to Cr and Mn, in those regimes due to poor retention as well as low primary abundances in the itabirite and high-grade ores. Nickel, Cu and Co can readily substitute for Fe in goethite, a common host for those elements in the regolith. The fresh itabirite shows low U content compared to the regolith regimes. U concentration ranges from mean of 0.36 ppm in the fresh itabirite to 2.79 ppm in the erosional zone. Gold averages 2.83 ppb in the fresh itabirite, 1.13 ppb in the relict, 0.93 ppb in the erosional and 2.55 ppb in the depositional regolith zone. The low or weak supergene enrichment of Au in the erosional material might possibly be related to the strong leaching of the most ore-related elements resulting in only subtle surface expression of Au mineralisation.
Incompatible Trace Elements
The incompatible elements presented in this section include Nb, Zr, Ta, Hf, Ba, Sr and rare earth elements (REE). The Mbalam least altered itabirite contains average concentration of 0.45 ppm Nb, most of which is likely hosted in Ti-rich minerals such as ilmenite or rutile (Figure 4(a) ). Niobium concentrations increase sharply in the relict and peak in the erosional zone (average of 12.56 ppm). In the depositional regime, Nb concentration is lower than in the erosional zone, probably due to dilution by quartz and secondary goethite precipitation. Tantalum shows strong correlation with Nb, maintaining the least altered itabirite Nb/Ta ratio throughout the regolith zones (Figure 4(b) ). Zirconium and Hf in the itabirite are hosted mostly in Ti-bearing minerals most likely zircon. In the Mbalam regolith, Zr and Hf maintain their least altered rock ratio and show a strong correlation with TiO 2 except in the depositional zone possibly from the input of zircon from colluvial or detrital material (Figures 4(c) and (d) ).
Barium and Sr have highest concentrations in the least altered itabirite samples with averages of 31.75 ppm and 154.16 ppm respectively, and progressively leached in the different regolith regimes with the exception of the erosional regime where the concentration of Sr (average 39 ppm) is greater than the average of the least altered itabirite.
Enrichment patterns of La, Ce, Sm and other REE in the Mbalam regolith are very similar to that of Ti and associated Nb, Ta and Zr. The REE patterns show significant enrichment in Eu in the depositional profile ( Figure 5 ) although Eu anomalies are obvious in the erosional. Alkali elements (Rb, Cs) show higher concentrations in the depositional material and slightly depleted in the relict and erosional regimes which is consistent with their high solubility and high mobility. Yttrium and Ho occur in the trivalent oxidation state and have nearly identical ionic radii. Accordingly, both elements should display coherent geochemical behaviour but this is not the case as Y is highly enriched compared to Ho ( Table  1) . The REE concentrations in the relict regime are consistently lower relative to the depositional zone. REE enrichment in those regolith regimes maybe due to the presence of apatite or monazite while those with low REE content may be due to the presence of allanite. Generally the itabirite show low values of Ce/ΣREE, Ce/La, and La/Yb (Figure 6 ) while the regolith soil show relatively high ΣREE and this might be due to the upward remobilisation from the lower primary BIF and the downward leaching of the upper mineralised horizons by the descending epigenetic solutions.
Mineralogy
The mineralogy (element-mineral association) of the different regolith samples are represented by XRD patterns of Figure 7 . The XRD patterns for whole-rock regolith samples from the relict regime (Figure 7(a) ) indicate the predominance or moderate to significant presence of hematite, goethite and kaolinite with minor presence of gibbsite. Goethite and kaolinite peaks are observed to range from moderate to significant amount, indicating the high intensity of weathering of the relict regolith. Patterns from the erosional regime material show dominance of hematite and kaolinite (Figure 7(b) ) which reflect the high rate of leaching in this zone. Due to high leaching within the Mbalam regolith environment, silica occurs as a minor phase and peaks are discerned only in the depositional material. Clay minerals identified were gibbsite and kaolinite. Gibbsite was detected only as moderate in one sample from erosional materials while kaolinite occurs as minor to moderate amount in the relict and erosional regime but completely absent in the depositional region. The appearance of gibbsite points to extensive mineral alteration in response to weathering and it is important to note that this mineral appears in the erosional regime material. Identification of secondary minerals was difficult, because their peaks tended to be obscured by the greater peaks of the major minerals hematite, goethite, kaolinite, and gibbsite. The XRD peaks for the erosion and depositional material are noisy, indicative of the abundance of amorphous contents.
Discussion
The relict regime over the Mbalam itabirite is dominated (Figure 7) suggest that in this region, this mineral might not only be a relict from the parent rock, but also a neoformed mineral since ferruginization and aluminization imply a desilication process [20] . This also demonstrates that desilication is one of the dominant processes during soil development regardless of the type of bedrock [21] . As expected from weathered rocks, concentration of the major and minor elements varies substantially in response to progressive weathering, leaching and precipitation of the secondary phases within various regolith regimes. Because Fe is the least mobile of the major elements, the Fe oxides become significant phases and control the distributions of many elements. Manganese and Fe oxides and/or oxyhydroxides are often referred to as active trace-element sinks [22] . In the present study, the distribution of many trace elements in the regolith is control by their strong affinities for Mn and Fe oxides and/or oxyhydroxides. Trace elements that show a greater affinity for Mn include Co, Ni, Zn and to a lesser extent Pb. Conversely, silica, which is found in the depositional regolith, may act as a diluent to other elements [4] where it precipitate as quartz in cracks or voids. Concentrations of Ca, Na and K in the regolith products and the fresh itabirite are extremely low and they are even significantly lower than those in the advanced zone [23, 24] . On the contrary, concentrations of Al, Fe and Ti are higher in the regolith products ( Table 1) , which suggests that the chemical weathering intensity in this environment could be catagorised as extreme [23, 24] . The P concentration or enrichment is consistent with its mobile nature in the regolith environment. The increase in P concentration from the relict to depositional regime might possibly be related to residual concentration of P as phosphate mineralisation. Absorption of P by iron oxides or oxyhydroxides is well known [4, 25] and appears to be the major mechanism of P retention in the different regolith environment. Similar to Al, a slight decrease in the P content in the relict regime is related to the dilution effect due to goethite precipitation and detrital quarts. Gold values in all of the weathering regimes appear to be sporadic, probably in part reflecting the low level in the fresh itabirite. However, there is a noticeable enrichment of Au in the deposition regime. Au dispersion in the weathering profile occurs by two possible mechanisms: (1) mechanical-weathering and subsequent erosion of the surface with lateral migration of mineralised fragments. Mechanical dispersion is particularly characteristic of prolonged weathering with marked seasonal variation [26] as at Mbalam, (2) hydromorphic-dis-solution and transport of Au in solution and at Mbalam this is reflected by the high Au concentration in the de-position regimes compared to the relict and erosion surfaces. Within the regolith mantle, Au contents and spatial distributions or occurrences are different from the parent itabirite. This fact proves that Au distribution in the weathered regolith mantle is controlled mechanically, that is both by initial mechanical patterns and superimposed hydromorphic weathering processes. Different conclusions have been drawn for Au distribution during itabirite weathering at Maquine mine [27] where Au contents and spatial distribution in the weathering mantle was similar to the parent itabirite and the Au grains did not present any surficial strain.
Of the major and minor elements Al, Ti and Zr are generally considered the least mobile during chemical weathering. Chemically one of the dominant Zr-containing minerals, zircon, is considered to be highly mobile. In fact one of the oldest mineral found on earth is zircon [28] . Although Ti-containing minerals such as rutile or ilmenite have been used as index of weathering, those minerals appear to be relatively more susceptible to chemical weathering and leaching than Zr. Significant amounts of Ti and Zr are typically fixed in resistate minerals such as zircon, rutile and ilmenite. In the Mbalam regolith, Zr maintains a positive correlation with Al and Ti indicating chemical weathering in the source area and resulting in a relative concentration of those residual elements [29] . Accordingly, Al/Ti values in some depositional samples are very low, indicating that these samples contain more Ti than Al. This geochemical feature is attributed to the supply of detrital materials with high Ti-bearing minerals to the site of deposition, because the Ti-bearing minerals are generally associated with detrital quartz and zircon. Ti-enriched detrital materials are possibly formed by Al-Ti fractionation during: (1) extensive chemical weathering, or (2) hydrothermal alteration of the source rocks [30] Niobium is thought of to be associated with Ti-rich minerals in the regolith profiles and this is support by its positive correlation with Ti. Tantalum also shows strong positive correlation with Nb, maintaining the fresh rock Nb/Ta ratio throughout the regolith (Figure 4b) . Similar enrichment has been report [25] of Nb during tropical weathering of kimberlite.
Rare Earth Element Variations
REE content and ratios are changing vertically according to the different weathering front (i.e. primary itabirite, relict, erosion and depositional). Studies [30] showed that primary manganese ores after extensive leaching have very low Eu/Sm ratios (0.16 -0.31). Therefore primary or protolith rocks are believed to be rich in Eu, such result was observed in this study. The regolith material from this study also shows Eu enrichment ( Figure  5 ) after supergene modification causing very high Eu/Sm ratio. Besides that, the fresh itabirite show low values of Ce/ΣREE, Ce/La and La/Yb (Figure 6) . The weathered material show relatively high ΣREE; this is due to upward remobilisation from the lower primary itabirite, and the downward leaching of the upper mineralisation horizons by the descending epigenetic solutions [30] . The relict and erosional horizons are characterised by intermediate values of Ce/ΣREE, Ce/La, and low values of Eu/Sm than those of itabirite and they exhibit the highest values of La/Yb values (Figure 6 ). This might be attributed to higher degree of modification compared with the itabirite which have lower La/Yb ratio. The low Eu/Sm values and high La enrichment in this zone indicate the remobilisation of primary minerals and their re-depo-sition under supergene conditions.
In general from the investigation through the regolith material we noticed an upward increase in Ce, Ce/La, Ce/ΣREE, in the same time an upward decrease in Eu/Sm ratio. All those trends are in agreement with each other and would indicate an increasing upward remobilisation under oxic conditions, as the upward increase of Ce/La and Ce/ΣREE ratios are good indicators for ongoing oxic diagenesis.
Conclusions
We can draw the following conclusions from this study:
• The Mbalam regolith has three main units: relict, erosion and deposition. Itabirite, the protolith progressively weathered into hematite, goethite, kaolinite, gibbsite. Quartz is minor but visually occurs as disseminated sugary textured fragments within the different regolith units.
• The geochemical and mineralogical investigation of the regolith material indicates that there has been significant leaching of metals and distribution of remaining geochemical signatures into Fe oxides. Hematite and goethite are the major hosts to major elements.
• Regolith material shows relatively high concentration of Ti due to the resistant nature of the residual rutile as opposed to the fresh itabirite where Ti is retained in less resistant mineral ilmenite.
• In the Mbalam regolith, Zr maintains a positive correlation with Al and Ti indicating chemical weathering in the source area and resulting in a relative concentration of those residual elements.
• At Mbalam, Au distribution in the weathered regolith mantle is controlled mechanically, that is both by initial mechanical patterns and superimposed hydromorphic weathering processes.
• The weathered material show relatively high ΣREE;
this is due to upward remobilisation from the lower primary itabirite, and the downward leaching of the upper mineralisation horizons by the descending epigenetic solutions.
Acknowledgement
This article is part of PhD thesis on regolith geochemistry applied to mineral exploration at the University of Yaoundé I by NMT. We acknowledge the support of colleagues at the University over the years. This work was undertaken within the framework of economic geology research at the University of Buea -"The Precambrian mineral belt of Cameroon" -in collaboration with other institutions. This article benefited from reviews by Scott Keith. This and the editorial comments of the Editor are highly appreciated. 
